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Land appl.icaLion of domestic wastewater eff luenL by 
rapid rate infiltration (i.e., percolation ponds) is a very 




percolation pond systems have been 
in the United States for about 100 
The disposal concept depends on a relatively high rate 
of secondary wastewater effluent infiltration into the soil 
by rapid percolation, either vertically or horizontally, 
away from the application surface area. This study was 
accomplished to determine infiltration rates at two working 
percolation pond systems and the variability of these rates, 
to compare the operating results with ' the initial design, 
and to create a stochastic computer based simulation program 
for design and operation. The initial study site was 
located west of Orlando, Florida, and consisted of a system 
of two percolation ponds. Daily readings were obtained on 
evaporation, rainfall, flow to the ponds, pond depth and 
groundwater table elevations. A mass balance inventory 
equation was formulated and the infiltration parameter was 
determined. 
A frequency ,distribution was created for the rainfall, 
evaporation and calculated infiltration from the initial 
site, and then a stochastic computer based simulation 
program was written with this data. The program calculated 
results which compared favorably with the design for this 
initial percolation pond site. 
also located in the Orlando area, 
A second site was chosen, 
to confirm the usefulness 
of the program and its operational capabilities. 
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Land application of effluent from municipal wastewater 
treatment plants can be accomplished through several 
disposal methods. Exfiltration trench systems, spray 
irrigation, overland flow, wetlands, absorption fields, 
shallow shaft injection and percolation ponds are several 
illustrations of land disposal methodologies used today. 
The Florida Department of Environmental Regulations 
(FDER1982) states that minimum preapplication waste 
treatment shall result in an effluent meeting secondary 
treatment and appropriate disinfection levels prior to 
disposal introduction. 
The objectives of this research study were; ( 1 ) to 
determine infiltration rates at a working percolation pond 
system and discuss the variability of these rates, and (2) 
to compare the operating results with the initial design and 
(3) create a stochastic computer based simulation program 
useful for design and operation. 
The scope of this research study consisted of two 
working wastewater treatment plant percolation pond disposal 
sites in the central Florida area. One site was selected as 
the initial study site while the second was the confirmation 
1 . 
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site. Both sites had an operating life of at least three 
years prior to this study. The study was limited to the 
central Florida area with similar soil properties . As per 
the Florida Department of Environmental Regulations Land 
Application Code (1982), these percolation ponds and future 
disposal sites need to consist of at least two ponds. Daily 
inflow, outflow and accumulation parameters were to be 
obtained by using appropriate rainfall and evaporation 
gauges, flow meters and water staff gauges . Results from 
field data along with additional evaporation and percolation 
data from weather stations in the central Florida area were 
used in the stochastic computer based program's development. 




The first land application treatment and disposal 
systems were developed and constructed by single residences 
or by local developers in accordance with design criteria 
f u r n i s h'e d b y f e d er a 1 o r s tat e he a 1 t h de par t men t s . Usually, 
a septic tank accompanied with a soil absorption field was 
installed. These absorption fields were constructed with 
the bottoms of the trench covered with coarse aggregate 
before the drain tile was laid. The purpose of the 
aggregate was to provide a porous medium through which the 
septic tank effluent could flow and to provide storage of 
the effluent until it could infiltrate into the surrounding 
soils. 
It has been estimated that only 32% of the total land 
area in the United States has soils suitable for land 
application systems which utilize the soil for final 
treatment and disposal of wastewater (EPA1980). Alarmed 
by the potential health hazards of improperly functioning 
land application systems, public health officials have 
continually sought methods to improve the design and 
performance of onsite systems. Unfortunately, the g re at 
increase in development around the United States and 
3 · 
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especially in central Florida have exacerbated the problems 
associated with land application disposal systems. In many 
areas, land application disposal systems have been plagued 




feelings that those systems were 
failure prone. This perspective 
to poorly designed, constructed and 
inadequately maintained disposal systems. Recently, the 
situation has begun to change. Federal, state and local 
land governments have refocused their attention on 
application disposal systems and the disposal areas are now 
gaining desired recognition as a viable 
management alternative that can provide excellent, 






The land application system design strategy used by 
designers is illustrated on Figure 1. The first step in the 
design of a land application system is the selection of the 
most appropriate components to make up the system. Since 
the site characteristics constrain the method of d"sposal 
more than any other components, the disposal method must be 
s el c l d fi.rsL. To elect th djsposal me hod pr p rly, 
detailed site evaluation is required. However, the site 
characteristics that must be evaluated may vary with the 
disposal method. Since it is not economical or practical 
to evaluate a site for every conceivable system design, the 
IN/ TIAL SITE 
INVESTIGATION 
SCREENING B SELEG- DETAILED SITE 
- TION OF DISPOSAL EVALUATION B --... 
OPTIONS DESIGN RECOMMEN-
ATIONS 
SCHEMATIC ON. DISPOSAL SYSTEM 
DESIGN PROCEDURE 
FIGURE I 
- DESIGN SYSTEM ~ 
Vl 
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purpose of the first step is to eliminate the disposal 
options with the least potential so that the detailed site 
evaluation can concentrate on the most promising options. 
A detailed site evaluation performed by a geotechnical 
engineering firm should be accomplished next. The 
evaluation should be performed in a systematic manner so as 
to insure that all collected information is useful and in 
sufficient detail. A final design loading rate consisting 
of average disposal volume (gallons per day) per disposal 
area (square feet) for the selected disposal method will be 
determined by the geotechnical engineering firm. This rate 
takes into account the site's soil permeabilities, other 
soil characteristics, estimated maximum groundwater table 
and effect of the effluent on the soils. 
The final con~iguration for the land application system 
now can be developed and is based on the calculated loading 
rate obtained from the geotechnical firm's investigations. 
In Florida, this detailed final design must be approved by 
the Department of Environmental Regulations (DER) and local 
governmental 
disposal site 
agencies prior to 





meeting the DER land application manual regulations (1982). 
The geotechnical engineering firms base their design 
loading rates on groundwater theories. These theories ar e 
7 
governed by established hydraulic principles. The f ow 
through aquifers, consisting of natural porous media, can be 
expressed by what is known as Darcy's Law (Toddl980). 
Hydraulic conductivity, which is a measure of permeability 
of the media, is an important constant in the flow equation. 
Application of Darcy's Law enables groundwater flow rates 
and directions to be evaluated. Darcy's Law states that the 
flow rate through a porous media is proportional to the head 
loss and inversely proportional to the length of the flow 
path. This flow rate is governed by the hydraulic gradient 
of the soils under investigation and the soils permeability. 
The hydraulic gradient is the slope of the energy line 
defined by the free surface of flowing water in open 
channels, or the slope of the piezometric heads between two 
points in confined flow (Bowlesl979). Effluent disposal 
from percolation ponds is based on an unconfined aquifer 
situation. Depuit assumed for unconfined aquifer flow that: 
( 1 ) the velocity of the flow to be proportional to t he 
tangent of the hydraulic gradient; and (2) the flow to be 
horizontal and uniform everywhere in the vertical sect i on 
(Toddl980). Figure 2 depicts the two assumpt·ons o f 
Depuit's equation. The flow per unit width (q) at any 
vertical section can be given as: q = (K/2x) (h~ -h 2 ) wh e r e 
K is the hydraulic conductivity of the soil, x i s t h e 












INFILTRATION FLOW PATTERNS 
FIGURE 2 
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fixed points (Toddl980). Actual field studies have shown 
that the two assumptions are inconsistent with the equations 
whereas the actual velocities of the same magnitud h v a 
downward vertical component so that a greater saturated 
thickness is required for the same discharge. Also, at the 
downstream boundary a discontinuity in flow forms because no 
consistent flow pattern can connect a groundwater table 
directly to a downstream free-water surface. The water 
table actually approaches the boundary tangentially above 
the water body surface and forms a seepage face. With the 
above discrepancies assumed negligible 
however, accurately determines flow 





In reviewing the site design with the geotechnical 
engineer for the initial study site, the Depuit's theory was 
used. The design water depth in the percolation pond and 
the depth to the initial confining layer are assumed 
constant parameters. The design called for at least 10,000 
square feet of bottom area in each pond. The actual 
operating site had 10,500 square feet in each pond. 
When water percolates beneath a 
mound in the water table is formed. 
percolation pond, a 
The dimensions of the 
mound are governed by the basin's size, shape, recharge 
Mound rate, duration and aquifer characteristics. 
geometrics have been computed ·by various investigators. 
10 
Jammal and Associates, the geotechnical engineers for the 
second site, used the Hantush (1967) methodology in their 
design. The Hantush method is based on using the horizontal 
flow theory of groundwater recharge. The mounding 
calculation is based on several steady state parameters 
which include the original height of the water table above 
the impermeable boundary, arrival rate of effluent to the 
percolation pond, fillable soil porosity and dimensions of 
the percolation pond wetted surface. Several computer 
programs have been written utilizing the Hantush equation 
that calculate the mound's rise as time increases. Under 
uniform recharge conditions a mound will continue to grow 
until 
can be 
some control provides a limit. 
recognized (Banmannl965), 
Two types of control 
potential and lateral. 
Potential control occurs when the mound builds up to the 
recharge surface while lateral control occurs when the 
mound intersects a constant surface water elevation such as 
a stream or a lake. Considering a large horizontal extent 
of the boundary, the mound approaches an equilibrium with a 
constant recharge rate. 
The design criteria for percolation ponds are based on 
the Florida Department of Environmental Regulations (1982) 
criteria that no groundwater mound can intersect the bottom 
of a proposed percolation pond. Jammal and Associates used 
different pond shapes with their computer program of the 
I 1 
Hantush methodology until this criteria was met. A final 
design was then proposed encompassing safety factors and 
knowledge of how the percolation pond system works. 
Several simulation techniques are available for 
stochastic data which will approximate a desired probability 
distribution. The Monte Carlo method was utilized in this 
research (Benjaminl9 70). One result of this method is a 
frequency distribution created for a parameter under study. 
A series of random numbers, each of which is associated with 
a particular value, is determined for each distribution. 
Random numbers are generated in such a manner that each in 
the set is equally likely to be selected. An IBM random 
number generator was used to compute the values to insure a 
completely random selection of values (Microsoftl983). 
Tables were developed which related the value of the random 
variable of interest to the value obtained from the random 
numb e r generator. 
A cumulative frequency distribution for a parameter 
under study can be constructed with a mean (expected 
value) and a standard deviation determined. The expected 
value is determined using the following equation: 
E(f x;)= ~ f(x; )P(x;); 
i=l 
12 
where f ( x i ) is the frequency distribution value 
corresponding to its average interval value p ( x i ) 
(Wolfl962). 
The standard deviation is a measure of absolute 
variation; that is, it measures the actual amount of 
variation present in a set of data, and dependent on the 
scale of measure (Freundl977). A standard deviation will be 
computed for sel cted design and operation variables and 
will use the following standard equation: 
(X;- x ) 2 
n-1 
where S is the standard deviation value, X· I is the 
incremental value, x is the calculated mean of the set of 
data, and n is the total number of data values 
(Freundl977). A confidence interval representative of each 
standard deviation is used in these methodologies to create 
a factor of safety. These factors of safety are 
incorporated in the final design loading rate or percolation 
pond areas. 
CHAPTER III 
SITE INVESTIGATION LOCATIONS 
The initial effluent disposal percolation pond system 
was located in southwest Orange County, Florida, near Walt 
Disney World and Lake Buena Vista (see Figure 
existing 40,000 gallons per day (gpd) extended 
3). An 
aeration 
wastewater treatment plant and a new 50,000 gpd extended 
aeration wastewater treatment plant exists on site, but 
effluent disposal has been limited to 80,000 gpd at the 
present time. Figure 4 depicts the existing site plan with 
percolation ponds and wastewater treatment plant locations. 
The disposal site consisted of two ponds operating in 
parallel with existing effluent flows averaging 48,736 gpd. 
Figure 5 shows the construction of these percolation ponds, 
with a total site of 1.8 acres and 1.4 acres as percolation 
ponds. 
The second effluent disposal percolation pond site was 
located in east Orange County, Florida, 
and 14 miles east of downtown Orlando, 
off state road 480 
Florida (see Figure 
6). An existing 40,000 gpd extended aeration wastewater 
treatment plant has been operating for four years with 
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consists of 3.5 acres located in the southeast corner of he 
development with two percolation ponds which are operated 
separately. Each pond has a bottom surface area of 0.75 
acres. Figure 7 illustrates the percolation pond and 












GEOHYDROLOGIC EVALUATION OF INITIAL DISPOSAL SITE 
The site investigation was conducted by American 
Testing Laboratories (ATL), Inc. , in May, 1982 
(ATL1982). The various soil types occurring in the 
vicinity of this initial study area have been mapped and 
generally described by the USDA Soil Conservation Service 
(SCS1960). According to the SCS, three distinct soil 
types exist within the project boundaries: Blanton fine 
sand; Pomella fine sand, and Leon fine sand. In general, 
the Blanton fine sand soil type is the better naturally 
drained soil of the three. Both Pomella fine sand and Leon 
fine sand are defined by the SCS as somewhat poorly-drained 
soils. All three soil types are comprised essentially of 
deposits of quartz sand and the drainage characteristics of 
the soils are dictated by the position of the water table 
below the land surface. The exception is the soil type Leon 
fine sand, which typically contains an organic layer below 
the soil surface affecting drainage (SCS1960). 
The project site is situated on the eastern slope of 
the Cypress Creek watershed. The land surface gradient is 
generally east to west with the highest surface elevations 
along the eastern margin. The predevelopment land surface 
20 . 
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slopes westward from a height of about 117.0 feet above msl 
in the northeast portion of the site to a low of about 100.0 
feet above msl in the southeast port'on adjacenl Lo th 
Cypress Creek Swamp. Postdevelopment established a pond 
bottom at 105.0 msl with a top of berm elevation at 109.0 
msl. The berms have a 3:1 inside slope and a 4:1 outside 
slope to the existing grade. 
Soils data were collected in the field by American 
Testing Laboratories, Inc., in May 1982 and determined as 
follows. Standard Penetration Test Borings/Field 
permeability tests Kl and K2 were conducted in the area 
proposed for effluent disposal percolation ponds, as shown 
in Figure 8. Additional subsurface data were collected with 
Auger Borings Al and A2. 
The standard penetration test boring results indicated 
a general trend of decreasing permeablility with depth and 
with distance westward towards the Cypress Creek Swamp. The 
upper sand deposits encountered at Boring Kl exhibited 
relatively h'gh values of permeablilty determined to be 
k avg. of 0.017 ft / min., while test of this soil layer at 
Boring K2 yielded comparatively lower value K avg. of 
0.00021 ft/min. The lower values of permeability at Boring 
K2 for the uppermost sand bed was apparently a function of 
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FIGURE 8 
23 
five ( 4' -5'). A layer of buried muck was encountered at 
Aug r Boring A2 Cit a depth of two and one-half 0 
five feet ( 2 1/2' - 5 I ) • 
The upper sand bed (zero to nine feet below land 
surface) drilled through at boring Kl was found to be 
underlain by a layer of medium to coarse grained quartz sand 
cemented with organic material. The permeability of this 
layer, as tested at a depth of nine feet (9'), was very low, 
being immeasurable at T=l5 minutes. Permeability tests at 
the same depth at boring K2 yielded and average value of 
0.00007 ft/min. 
The logs of the test borings and results of field 
subsurface permeability tests were used to construct 
profiles through the proposed effluent geohydrologic 
disposal area. Subsurface data obtained from the test 
borings were used to define the stratigraphy of materials 
underlying the proposed ponds based upon lithology of 
encountered deposits. Field permeability values were then 
assigned to each defined layer for input into a mathematical 
flow model simulating response of an unconfined water table 
aquifer to surface recharge under steady state conditions. 
For the purpose of analysis, the water table aquifer was 
considered to be infinite in a real extent and isotropic in 
all directions. 
24 
The results of the model analysis indicated that a unit 
loading rate of as much as 4.0 gpd/ sq.ft. (bottom area) is 
possible for the ·mmed·ate area of test boring Kl. 
Potential disposal capacity in the area of test boring 
K2 
0.5 
however, was significantly less, on the order of 
gpd/ sq.ft. to 1.0 gpd/ sq.ft. Plugging of soil pore 
space by organic deposits is the apparent reason for the 
marked reduction in aquifer transmissivity and therefore 
potential effluent qisposal capacity. 
Based upon test boring and field permeability data 
obtained along with the model analysis results, American 
Testing Laboratories, Inc., concluded that disposal of 
eighty thousand gallons per day (80,000 gpd) of treated 
effluent can be discharged from these two percolation ponds 
using a design loading rate of four gallons per day per 
square foot of pond bottom area. The design rate of 4 gpd/ 
sq.ft. takes into account the known effects of secondarily 
treated wastewater on soil percolation rates under long-term 
operation of disposal ponds (ATL1982). 
Two percol Llon ponds were bu.lt in 1982 wi h 
approximately 10,500 square feet of bottom area each. Th· s 
system has been loaded as one cell since its certification 
in December of 1982 and has experienced no problems as to 
date. The plant operator keeps the site clear of weeds and 
mows the grass when necessary. 
CHAPTER V 
PROBLEM FORMULATION AND INITIAL SITE REVIEW 
The objective of this study site was to determine 
infiltration rates and its variability at a working 
percolation pond system. To date, this evaluation has 
been neglected and thus limited field data are available to 
assess performance. 
The initial operation of this percolation pond system 
was established to rotate the introduction of effluent to 
one pond while the second pond rested. However, the actual 
operating practice by the plant operator was to load both 
ponds continuously. Therefore, the site was studied as if 
there was only one percolation pond, not two. 
The Monte Carlo simulation technique which was used for 
this study is based on a mass balance flow concept of inf low 
- outflow = accumulation. Figure 9 illustrates these 
parameters and how they affect a percolation pond system. 
The mass balance equation as shown on Figure 10, consists of 
the inf low parameters consisting of wastewater plant 
effluent flow (Q) and rainfall (R). The outflow parameters 
consist of evaporation (E) and infiltration ( I ) . 
Accumulation effects were determined by the daily variation 
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Daily field observation data was obtained with the 
of the plant operator and consisted of 
of effluenL Lo Lhe percoLatlon ponds 
average dally 
(gpd), rainfal I 
evaporation (cm), and percolation pond depth (in). 
Bi-weekly observations of groundwater elevations in four 
observation wells also were obtained. The daily readings 
were obtained by using an inline effluent flow meter ( Model 
B.I.F., Sanitrol Flo-Recorder) which measured the inflow 
while an automatic rain gauge ( Model Texas Electronics R 2-
1014 p ) measured the rainfall. The evaporation parameter 
was measured with an evaprometer meter ( Model E 801-
Weather Measure Corp.). The accumulation parameter was 
measured by obtaining differences in the staff gauge 
readings in each pond. Groundwater elevations were measured 
by using a ruler inserted in a two-inch pvc observation well 
installed five to six feet below grade. All of the measured 
parameters were obtained and recorded in Table 1 . A 
conversion of all the parameters was accomplished to common 
units of feet per day and these are listed in Table 2 . The 
effluent parameter of gallons per day when converted to feet 
per day was determined by dividing this flow rate by the 
vertical flow area. The vertical flow area consists of the 
initial confining layer of 7.75 ft. which was determ ined by 
American Testing Laboratories, Inc., plus the mean observed 
depth in the percolation ponds of 16.25 inches. This 
29 
TABLE 1 
INITIAL SITE RAW FIELD DATA 
DATE FLOW RAINFALL POND STAGE EVAPORATION 
(MGD) (in.) (in.) (in. ) (mm.) 
Q R Sl S2 E 
1984 
11-8 0.039 0.0 22 3/8 9 5/8 2. 7 
11-9 0.036 0.0 22 1/2 9 5/8 2.7 
11-10 0.039 0.0 22 5/8 9 3/8 2.5 
11-11 0.036 0.0 22 1/2 9 3/8 2.9 
11-12 0.039 0.0 22 7/8 9 5/8 2.6 
11-13 0.036 0.0 22 7/8 9 5/8 2.3 
11-14 0.036 0.0 22 3/4 9 3/4 3.0 
11-15 0.036 0.0 22 5/8 9 5/8 2.4 
11-16 0.039 0.0 22 5/8 9 1/2 3.0 
11-17 0.039 0.0 22 1/2 9 3/8 2.6 
11-18 0.042 o.o 22 3/4 9 3/4 2. 1 
11-19 0.042 0.0 22 3/4 9 5/8 2.6 
11-20 0.039 o.o 22 9 1 . 9 
11-21 0.036 0.0 22 3/4 8 7/8 2.0 
11-22 0.039 1 . 1 2 22 7/8 9 7/8 1 . 0 
11-23 0.039 0.74 22 7/8 12 3/4 1 . 0 
11-24 0.057 0.12 22 3/4 13 1/4 1 . 2 
11-25 0.063 0.0 22 1/2 13 1/4 1 . 2 
11-26 0.051 0.0 22 1/2 13 1/2 1 . 7 
11-27 0.063 0.0 22 3/8 13 3/4 2.0 
11-28 0.063 0.0 22 3/8 13 5/8 2.0 
11-29 0.063 0.0 22 3/8 13 5/8 2.9 
11-30 0.060 0.02 22 1/4 13 1/2 1 . 7 
12-1 0.057 0.0 23 1/4 11 1/4 2. 2 
12-2 0.060 0.0 23 1/4 10 3/4 1 . 6 
12-3 0.066 0.01 23 1/4 10 1/8 1 . 2 
12-4 0.060 0.0 22 3/8 11 1/2 1. 4 
12-5 0.042 0.0 21 7/8 11 7/8 1 . 1 
12-6 0.048 0.37 21 7/8 13 0.6 
12-7 0.045 0.01 21 13 1/8 1 . 5 
12-8 0.051 0.0 20 1/4 12 7/8 2. 1 
12-9 0.042 0.0 20 13 2.4 
12-10 0.054 0.0 19 1/2 13 1/2 2.0 
12-1] 0.045 0.0 21 12 1/8 1 . 9 
12-12 0.045 0.01 22 1/2 11 1. 4 
12-13 0.045 o.o 23 3/8 10 2.6 
12-14 0.045 0.0 23 3/8 9 1 . 2 
12-15 0.036 0.0 22 3/4 9 1 . 8 
12-16 0.057 0.0 22 3/8 9 7/8 0.8 
30 
TABLE 1 CONTINUED 
UA'l'E FLOW 1\ A 1 N 1" A L L POND STAGE E V A P 0 J\ /\ 'l' l 0 N 
(MGD) (in. ) (in. ) (in. ) (mm. ) 
Q R Sl S2 E 
1984 
12-17 0.036 0.0 22 5/8 10 1/4 1 . 0 
12-18 0.060 0.0 22 10 5/8 1 . 8 
12-19 0.048 0.0 21 3/4 10 1/2 2. 1 
12-20 0.051 0.0 21 3/8 10 1/4 2.4 
12-21 0.042 0.0 19 3/4 11 1/2 2.4 
1985 
1-4 0.048 0.0 24 11 1/2 2.0 
1-5 0.048 0.0 23 3/8 11 1/2 1. 9 
1-6 0.056 0.0 22 1/2 11 2.2 
1-7 0.060 0.0 23 10 7/8 2. 1 
1-8 0.048 0.0 20 11 2.6 
1-9 0.051 0.0 19 1/8 11 2.6 
1-10 0.048 0.0 20 1/4 10 1 . 7 
1- 11 0.054 0.0 21 1/8 9 3/4 3.2 
1-12 0.039 0.0 20 10 1 . 7 
1-13 0.057 0.0 19 11 1/8 2.3 
1-14 0.048 0.0 17 3/8 12 0.4 
1-15 0.048 0.02 16 1/2 12 1/8 2.0 
1-16 0.051 0.0 19 3/8 10 5/8 2.5 
1-17 0.048 0.0 20 1/4 10 3/8 1 . 7 
1-18 0.051 0.21 20 3/4 10 1/2 0.4 
1-19 0.042 0.26 20 1/8 10 1/4 2.5 
1-20 0.060 0.13 18 12 1/4 1 . 8 
1-21 0.057 0.0 17 1/2 14 1/2 3.0 
1-22 0.048 0.0 15 7/8 17 3/8 0.5 
1-23 0.048 0.0 16 1/8 13 7/8 0.7 
1-24 0.054 0.0 22 1/4 11 5/8 2.0 
1-25 0.051 0. 10 23 7/8 10 1/8 2.4 
1-26 0.051 0.0 23 10 5/8 2.9 
1-27 0.060 0.0 21 3/4 11 1/8 1 . 5 
1-28 0.060 0.0 20 7/8 10 3/4 2.6 
1-29 0.048 0.0 21 5/8 10 1/8 2.3 
1-30 0.051 0.0 22 5/8 9 1/8 1. 8 
1-31 0.048 0.0 21 9 2.5 
2-1 0.057 0.0 18 3/4 11 5/8 3.0 
2-2 0.042 0.0 16 12 1. 7 
2-3 0.048 0.01 15 3/8 13 1/4 1. 7 
31 
TABLE 2 
INITIAL SITE CONVERTED FIELD DATA 
DATE FLOW RAINFALL POND DEPTH EVAPORATION 
(FT.) (FT.) (FT.) (FT.) (FT. ) 
Q R Sl S2 E 
1984 
11-8 0.7507 0 1.865 0.802 0.0089 
11-9 0.6930 0 1.875 0.802 0.0089 
11-10 0.7507 0 1.885 0.781 0.0082 
11-11 0.6930 0 1.875 0.781 0.0095 
11-12 0.7507 0 1.906 0.802 0.0085 
11-13 0.6930 0 1.906 0.802 0.0075 
11-14 0.6930 0 1.896 0.813 0.0098 
11-15 0.6930 0 1.885 0.802 0.0079 
11-16 0.7507 0 1.885 0.792 0.0098 
11-17 0.7507 0 1.875 0.781 0.0085 
11-18 0.8085 0 1.896 0.813 0.0069 
11-19 0.8085 0 1.896 0.802 0.0085 
11-20 0.7507 0 1.833 0.750 0.0062 
11-21 0.6930 0 1.813 0.740 0.0066 
11-22 0.7507 0.093 1.906 0.823 0.0033 
11-23 0.7507 0.062 1.906 1.063 0.0033 
11-24 1.0972 0.010 1.896 1.104 0.0039 
11-25 1.2127 0 1.875 1.104 0.0039 
11-26 0.9817 0 1.875 1.125 0.0056 
11-27 1.2127 0 1.8646 1.1458 0.0066 
11-28 1.2127 0 1.8646 1.1354 0.0066 
11-29 1.2127 0 1.8646 1.1354 0.0095 
11-30 1.1549 0.0017 1.8542 1.1250 0.0056 
12-1 1.0972 0 1.9375 0.9375 0.0073 
12-2 1.1549 0 1.9375 0.8958 0.0053 
12-3 1.2704 0.008 1.9375 0.8438 0.0040 
12-4 1.1549 0 1.8646 0.9583 0.0046 
12-5 0.8085 0 1.8229 0.9896 0.0036 
12-6 0.9239 .0308 1.8229 1.0833 0.0020 
12-7 0.8662 .0008 1.750 1.0938 0.0050 
12-8 0.9817 0 1.6875 1.0729 0.0069 
12-9 0.8085 0 1.6667 1.0833 0.0079 
12-10 1.0394 0 1.6250 1.1250 0.0066 
1 2- 1 1 0.8662 0 1. 7 50 1.0104 0.0063 
12-12 0.8662 .0008 1.875 0.9167 0.0046 
12-13 0.8662 0 1.9479 0.8333 0.0086 
12-14 0.8662 0 1.9479 0.7500 0.0040 




























































































































Sl S2 E 
1.8646 0.8229 0.0026 
1.8854 0.8542 0.0033 
1.8333 0.8854 0.0059 
1.8125 0.8750 0.0069 
1.7813 0.8542 0.0079 
1.6458 0.9583 0.0079 
2.0000 0.9583 0.0066 
1.9479 0.9583 0.0063 
1.8750 0.9167 0.0072 
1.9167 0.9063 0.0069 
1.667 0.9167 0.0086 
1.5938 0.9167 0.0086 
1.6875 0.8333 0.0056 
1.7604 0.8125 0.0105 
1.6667 0.8333 0.0056 
1.5833 0.9271 0.0076 
1.4479 1.000 0.0013 
1.3750 1.0104 0.0066 
1.6146 0.8854 0.0083 
1.6875 0.8646 0.0056 
1.7292 0.8750 0.0013 
1.6771 0.8542 0.0083 
1.5000 1.0208 0.0059 
1.4583 1.2083 0.0099 
1.3229 1.4479 0.0017 
1.3438 1.1563 0.0023 
1.8542 0.9688 0.0066 
1.9896 0.8438 0.0079 
1.9167 0.8854 0.0096 
1.8125 0.9271 0.0050 
1.7396 0.8958 0.0086 
1.8021 0.8438 0.0076 
1.8854 0.7604 0.0059 
1.7500 0.7500 0.0083 
1.5625 0.9688 0.0099 
1.3333 1.000 0.0056 
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vertical depth is illustrated in Figure 11. The measured 
effective per·meter of 771.6 feet was multiplied by the 
above calcula ed ver ical depth and th·s product con Lilul 
the vertical flow area. This dimension, as illustrated on 
Figure 1 2 ' did not include the separation berm and its 
corresponding distance along the perimeter. This same 
concept of effective berm length occurs in a two or 
multipond system. The center berm is a barrier to separate 
ponds and does not conduct the flow away from the disposal 
site. In the Appendix are pictures which depict the 
wastewater treatment plant, percolation ponds and field 
equipment locations. 
The daily average depths in the disposal 
system as observed during the study period are plotted on 
Figure 13 and listed in Table 3. During the study period 
these average depths illustrated a small variation in depth 
as noted on Figure 15. This small variation was due to the 
non-uni [orm cff .lucnl [ ow to Lhc pond syst m, rainfall, nnd 
variation in the evaporation rate. A steady state depth wa s 
assumed due to this observed small variation and the mean 
value of 16.25 inches was used for all appropr i ate 
calculations. 
The groundwater mound was observed by measuring the 
groundwater table bi-weekly. These wells were constru c ted 
of 2'' p v c and installed to a depth of five to six feet below 
BOTTOM OF, PERC. 
POND=D5.0 TOP OF BERM = 109. 0 I 
W.L - .106 3 I . .. :: . .-:-: : ... : . . ~ : :- : . • .. . 
~. - . . .. ; -.:/. )_:._{ 5:~;; . S ~IL ~ . . 




NOTE- ALL ELEVATIONS BASED ON M.S.L. 
TYPICAL CROSS SECTION 
OF BERM 

































































AVERAGE DEPTH OF STORAGE IN THE 
PERCOLATION POND SYSTEM 
DATE DEPTH DATE 
(IN.) 
1984 
11-8 16.000 12-17 
11-9 16.063 12-18 
11-10 16.000 12-19 
11-11 15.938 12-20 
11-12 16.250 12-21 
11-13 16.250 
11-14 16.250 1985 
11-15 16.125 
11-16 16.063 1-4 
11-17 15.938 1-5 
11-18 16.250 1-6 
11-19 16.188 1-7 
11-20 15.500 1-8 
11-21 15.813 1-9 
11-22 16.375 1-10 
11-23 17.813 1-11 
11-24 18.000 1-12 
11-25 17.875 1-13 
11-26 18.000 1-14 
11-27 18.063 1-15 
11-28 18.000 1-16 
11-29 18.000 1-17 
11-30 17.875 1-18 
12-1 17.250 1-19 
12-2 17.000 1-20 
12-3 16.688 1-21 
12-4 16.938 1-22 
12-5 16.875 1-23 
12-6 17.438 1-24 
12-7 17.063 1-25 
12-8 16.563 1-26 
12-9 16.500 1-27 
12-10 16.500 1-28 
12-11 16.563 1-29 
12-12 16.750 1-30 
12-13 16.688 1-31 
12-14 16.188 2-1 
12-15 15.875 2-2 








































grade. Their locations are illustrated on the soil 
investigation plan on Figure 8. The observed groundwater 
depths and corresponding elevations are shown on · Table 4. 
The observed groundwater elevations illustrated a maximum 
variation of one foot through the study period. A steady 
state condition can be applied to this existing groundwater 
mound, thus the Hantush equation can be used for design 
evaluation. conditions can be applied to the groundwater 
mound. 
The observed groundwater movement was determined to 
flow from the northeast to the west-southwest as shown on 
Figure 14. This observed hydraulic gradient corresponds 
with the geotechnical firms observations prior to the 
construction of the site. 
The mass balance equation can be rewritten to 
illustrate the steady state assumptions of groundwater mound 
and percolation pond depth in the following matter: 
Infiltration = Effluent flow + Rainfall - Evaporation 
(I) = (Q) + (R) (E) 
The equation has units of feet per day. Figure 15 
illustrates the infiltration flow pattern at a percolation 
pond site. The majority of the flow is condu c ted 
horizontally from the disposal area with a smal l er 
percentage seeping vertically through the more confining 
39 
soil layers. Daily infiltration values were calculated 
using the revised mass balance equation and are listed in 
Table 5. The variation is due to fluctuations in the daily 
measured parameters which make up the rewritten mass balance 
equation. This data is stochastic in nature, thus 
corresponds with the monte carlo simulation technique. 
40 
TABLE 4 
MEASURED GROUNDWATER DEPTHS AT INITIAL SITE 
DATE LOCATIONS 
NORTH SOUTH EAST WEST 
(in. ) (in. ) (in.) (in. ) 
11-16 8.0 34.8 48.0 12.5 
11-25 1 . 5 27.5 39.4 12.5 
11-30 2.0 30.0 39.5 11 . 8 
12-8 2.0 30.8 39.8 11.8 
12-12 2.0 31.0 40.0 12.0 
1-15 1 . 5 41.0 45.3 16.0 
1-22 0.5 40.0 43.8 18.0 
1-29 1 . 5 38.8 42.5 16.8 
2-5 0.5 40.0 43.3 18.0 
ELEVATION OF GROUNDWATER (based on msl.) 
DATE LOCATIONS 
NORTH SOUTH EAST WEST 
(ft.) (ft. ) (ft. ) (ft.) 
11-16 101.13 100.30 100.60 100.36 
11-25 101.68 100.91 101.32 100.36 
11-30 101.63 100.70 101.30 100.42 
12-8 101.63 100.64 101.28 100.42 
12-12 101.63 100.62 101.27 100.40 
1-15 101.68 99.78 100.83 100.07 
1-22 101.75 99.87 100.95 99.90 
1-29 101.68 99.97 101.06 100.00 
2-5 101.75 99.87 100.99 99.90 
AVERAGE VALUES: 
101.62 100.30 101.07 100.20 
GRADE ELEVATION AT EACH OBSERVATION WELL (ft. ) 
101.80 103.20 104.60 101.40 
Note: watertable depths measured from existing grade at 
































TABL E 5 
CALCULAT ED I NF I LTRAT I ON (FT./DAY) FOR 
THE IN I TIAL STUDY SITE 
I = s i 1 +S i 2 +Q f +Rf -Ef -Sf/ -s,2 
DATE INFILTRATION DATE INFILTRATION 
(FT/DAY) (FT/DAY) 
1984 
11-9 0.674 12-17 0.638 
11-10 0.754 12-18 1.170 
11-11 0.694 12-19 0.948 
11-12 0.690 12-20 1.025 
11-13 0.686 12-21 0.832 
11-14 0.682 
11 - lC) 0.707 ]985 
11-1 6 0.751 
11-17 0.763 1-5 0.970 
11-18 0.749 1-6 1.186 
11-19 0.812 1-7 1 . 1 1 7 
11-20 0.860 1-8 1.155 
11-21 0.716 1-9 1.046 
11-22 0.665 1-10 0.908 
11-23 0.570 1-11 0.978 
11-24 1.072 1-12 0.818 
11-25 1.229 1-13 1.079 
11-26 0.995 1-14 0.985 
11-27 1.195 1-15 0.981 
11-28 1.216 1-16 0.859 
11-29 1.204 1-17 0.866 
11-30 1 . 1 71 1-18 0.946 
12-1 1.194 1-19 0.895 
12-2 1. 19 2 1-20 1.170 
12-3 1 . 319 1-21 0.941 
12-4 1. 108 1-22 0.818 
12-5 0.815 1-23 1.202 
12-6 0.859 1-24 
12-7 0.924 1-25 0.972 
12-8 1.058 1-26 1.004 
12-9 0.811 1-27 1. 212 
12-10 1.033 1-28 1.250 
12-11 0.850 1-29 0.905 
12-12 0.831 1-30 0.976 
12-13 0.868 1-31 1.062 
12-14 0.946 2-1 1.056 




The objective of the program formulation was to compare 
operating results with the initial design and to create a 
stochastic computer based simulation program for design and 
operation. 
Utilizing the Monte Carlo simulation technique, a 
frequency distribution for infiltration was estimated using 
the mass balance equation. A histogram for this frequency 
distribution is shown in Table 6. A calculated effective 
perimeter of 762.0 feet was determined by dividing the 
average daily flow of 48,736 gpd by the calculated expected 
infiltration value of 0.950 feet per day and the vertical 
flow depth of 9.0 feet. This calculated effective berm 
length is similar to the actual effective berm length of 
771.6 feet 
A stochastic based Monte Carlo simulation computer 
program was developed to illustrate the variability of the 
field and recorded data for a one year time period. The 
program was developed and follows in the flowchart on Figure 
1 6 . 
The input parameters are determined for the site under 















INFILTRATION FREQUENCY DISTRIBUTION 
FOR THE INITIAL SITE 
COUNT F(x) RANDOM 
% NUMBER 
1 1. 41 0.0- 1 . 4 
7 11. 2 7 1.5-11.3 
7 21.13 11.4-21.1 
14 40.85 21.2-40.8 
14 60.56 40.9-60.5 
11 76.06 60.6-76.1 
10 90. 14 76.2-90.1 
6 98.59 90.2-98.6 
1 100.0 98.7-100. 
MEAN INFILTRATION VALUE = 0.950 FT/DAY 
or 7.11 GPD/ SQ. FT. 
EXPECTED VALUE = 0.950 FT/DAY 
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PROGRAM FLOW CHART 
I. Input parameters for program 
A. average daily flow (gpd) 
B. design water depth in ponds (ft.) 
C. initial soil confining layer (ft.) 
,, 
II. Calculate stochastic flow (Q) values using 
frequency distributions and the mass balance 
equation. 
\I 
III. Calculate stochastic perimeter values and 
the expected effective perimeter value. 
\/ 
IV. Calculate a standard deviation. 
\/ 
V. Print out results of the calculations. 
FIGURE 16 
47 
an actual flow if evaluating an existing percolation pond 
system. A geotechnical firm can determine the initial soil 
confining layer for a given disposal site. The design depth 
of percolation pond is a parameter which varies from one to 
three feet (l'-3') with the average depth of 2.0 feet being 
mostly selected by engineers. 
Frequ e ncy distr.bu ions for rainfall and evaporation 
were developed for a period of one year. The daily observed 
values for both frequency distributions were obtained from 
the National Oceanic and Atmospheric Administration (NOAA) 
publications at weather stations in the central Florida 
area. The rainfall was from the Orlando weather station 
(NOAA1981) while evaporation was obtained at the Lake Alfred 
weather station (NOAA1981). 
Both frequency distributions were based on four to five 
years of past daily data. Table 7 illustrates the daily 
precipitation histograms while Table 8 illustrates the daily 
evaporation histograms. These tables are located in the 
Appendix. Th f i 1 d ohs e rv ct and previously ctev lop e d 
infiltration histogram is the last element in the mass 
balance equation. 
The stochastic simulation computer program calculates 
the remaining element in the mass balance equation which is 
the 
the 
effluent flow (Q) term. 
total 365 day time 
This calculation is done for 
period. A stochastic perimeter 
48 
value is calculated by dividing the input design average 
daily flow by the daily effluent flow (Q) value and by the 
input vertical flow dimension of design water depth plus the 
initial soil confining layer depth. An expected value is 
calculated utilizing the 365 perimeter values. A standard 
deviation based on the 365 perimeter values is the final 
calculation step. 
A printout of the results was developed with the input 
values listed. Also, the required effective perimeter berm 
dimension in feet and the calculated standard deviation were 
listed. A section for plotting the developed frequency 
distribution is 
printed results. 
the last portion to be encompassed in the 
The monte carlo simulation technique is based on random 
variables. To illustrate the randomness of the field data 
and the percolation pond system, Figure 17 was constructed. 
As shown there is no linear or exponential curve which could 
be developed from this data. Also, this same cpncept of 
randomness Ls 1 vid nL wi h he parameters of ra·nf811 and 
evaporation. Therefor, a percolation pond disposal system is 
composed of several elements of a mass balance equation 
which are random and independent of each other and can be 
simulated with the monte carlo simulation technique. 
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lNlTIAL SlTE PROGRAM RESULTS 
The developed stochastic computer based simulation 
program was run on the initial study site to compare with 
the initial design and to test the program. The input data 
consisted of an average daily flow of 48,736 gpd which was 
observed during the study period. An observed mean water 
depth of 16.25 inches and a soil initial confining depth of 
7.75 feet were the remaining input parameters. 
Th re s ult s from th s to c h o s ic simul tion program run 
of the initial study site determined an expected value of 
679.0 feet of effective berm given the above mentioned 
inputs. This simulation was for a one year time frame. A 
plot of the calculated frequency distribution for effective 
perimeter 
effective 
length is shown on Figure 18. The calculated 
perimeter value compares favorably with the 
initial design and constructed 772.0 feet value. With this 
favorable result using a stochastic simulation technique and 
utilizing field and recorded data, the computer program can 
now be used on a confirmation site to determine its 
usefulness 
systems. 
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CONFIRMATION SITE DESCRIPTION AND OBSERVATIONS 
This site was selected because it had similar soil 
characteristics as the initial study site. The soil summary 
is used for a description of this confirmation site and its 
similarities to the original site. Figures 6 and 7 depict 
the site location and layout. This site is used to confirm 
the initial f "eld data and deve]oped stochastic computer 
based simulation program. The original site investigation 
was conducted by Jammal and Associates (1980) and described 
as follows. 
At the time of the ·nvestigation the area existed in 
more or less its natural state. Vegetation was extremely 
heavy consisting of oaks, scattered pine trees, scrub oaks 
and fairly dense underbrush. Portions of the site, however, 
were found to be disturbed, particularly along the east and 
southeast property lines where two or three isolated areas 
had been excavated 4 to 5 feet deep sometime in the past. A 
drainage ditch exists running north-south along the east 
property boundary which is estimated to be 8 to 12 feet wide 
and 3 to 5 feet deep. Standing water was not observed in 
either the 
investigation 
swale or the ditch at the time of 





topographic survey of the investigated area ind·cated 
surface elevaLions varying from 64 to 67 feet msl. 
The field invest·gation consisted of making a total 
of four standard penetration test borings, each to a depth 
of 20 feet below the existing ground surf ace at the 
locations presented in Figure 19. Two shallow Auger 
Borings were made, A-1 and A-3, and were extended to a depth 
of 7 feet below ground surface at the locations shown in 
Figure 19. In addition to the test borings, three in-place 
field permeability measurements were made at varying depths 
and at different test boring locations. 
The test boring results indicate the surface and sub-
surf ace soils at the site consist predominately of fine to 
slightly silty and silty fine sands. The normal topsoil 
cover, ranging in thickness from 6.0 to 12.0 inches exists, 
and is underlain by a stratum of mostly fine sand. This 
stratum 
surface. 
was found to extend 4.0 to 7.0 feet below ground 
A hardpan type soil was encountered at depths ranging 
from 1.0 to 7.0 feet, and were found to extend to depths 
varying from 9.0 to 16.5 feet below ground surface with an 
average depth of 5.75 feet. The hardpan type soils were 
found to be underlain by loose to medium dense light -





SOIL INVESTIGATION PLAN 
SCALE r"= 100'-o" 
LEGEND + OBSERVATION WELL 
6. STANDARD PENETRATION TEST BORINGS 
0 SHALLOW AUGER BORINGS 
FIGURE 19 
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tes borings were terminated at 20 feet below ground 
surface. 
The shallow non-artesian groundwater table, as measured 
in the open boreholes between June 23 and July 1, 1980, was 
encountered at depths ranging from 4.2 to 6.1 feet below 
existing ground surface. This corresponds to an elevation 
of about 60 to 61 feet msl. The depth to the shallow 
groundwater table recorded during the investigation appears 
to be mostly flat with a small hydraulic gradient possibly 
toward the east to southeast. The estimated seasonal 
fluctuation of the groundwater table is on the order of 2.0 
feet above the recorded levels or and average elevation of 
about 62.0 feet msl. 
Associates indicated that an effluent Jammal and 
percolation pond, to dispose of the 40,000 gpd flow, could 
be satisfactorily constructed and operated at this site. 
Sub-surface seepage from a pond constructed within the 
natural soils at this site would be a combination of lateral 
flow through the surficial sands and some vertical leakage 
through the semi-impervious hardpan soils into the 
underlying sand stratum. Predominant flow, however, would 
be lateral within the upper sands. 
Based on the results of the field permeability tests, 
along with model analysis results, Jammal and Associates 
(1980) concluded that a pond surface ~rea on the order of 
56 
1.5 acres would be required with a minimum 1200 lineal feel 
of perimeter. This would be equivalent to a hydraulic 
loading rate of 0.63 gpd I sq. ft. of pond area. 
The plant operator at the confirmation site operated 
the two percolation ponds, as designed, with anaverage 
rotation period of thirty days. He would load one pond 
until steady state pond elevations were observed and 
correspond·ngly would rest the second pond. During this 
loading period the second pond would percolate its volume of 
effluent. Also, the pond's bottom would dry and help 
eliminate any clogging of soil pores. 
The study procedure at this site was to observe the 
effects of groundwater mound and pond depth to observe 
steady state conditions, and to confirm the stochastic 
computer based simulation program for design and operation. 
The plant operator helped in obtaining field observed 
data using a staff gauge and reading daily the depths 
throughout this study period at the confirmation site. 
Table 9 consists of the observed pond depth while Figure 20 
illustrates that rise. This condition helps confirm the 
design assumption of a steady state condition of pond depth 
being created in percolation ponds. 
As shown in Figure 19, groundwater observation wells 
were installed and read bi-weekly by the plant operator. 

































































' ' ~ ' 
~ 






' .. I' \ 












. . . .. 























_ ........, ~ 
(\J -"" 
0 ~ 
~ <: 0 
IC) '- 0 '" (\J ~ Cl ~ ~ 
t:: ::::> ~ (!) i£: 
Q 
l4J ~ ..... ~ (\J :;:) 
""') 
~ 0) ..... (/) 
Ql 




~ " .. 
0 ..... 0 
59 
Figure 21, illustrate the observed development of the 
groundwater mound. The easterly groundwater movement, as 
shown in Figure 22 was also observed. These observed 
parameters agree with the theoretical methodology of the 
Hantush equation and assumptions made by Jammal and 
Associates. 
A computer analysis using the stochastic computer based 
simulation program was performed on the confirmation site 
utilizing an average daily flow of 20,000 gpd. This rate 
corresponds with the design of loading each pond with half 
of the total effluent flow. A design percolation pond depth 
of 3.0 feet and an initial confining layer depth of 5.75 
feet are the other input parameters. These depths also were 
determined and used by Jammal and Associates in their 
analysis. 
one year. 
The evaluation was performed for a time frame of 
The results from the stochastic simulation program 
for the confirmation site determined an expected value for 
effective perimeter berm length of 368 feet. A plot of the 
calculated frequency distribution for effective perimeters 
is shown in Figure 23. The actual site had a measured 
effective berm length of 570 feet. An operator can use this 
program on his percolation ponds if it consists of similar 
soils as the initial study site or can obtain field data 
from his percolation ponds to create the infiltration 
60 
distribution and input this data in the computer program 
replacing the ·niLlal sLu<ly slLes infillralion distribullon. 
Utilizing the initial program's data or the newly developed 
infiltration computer program's data, monthly evaluat'ons 
can be accomplished by inputing the average daily flow (gpd) 
and the steady state percolation pond depth. The results 
can help the operator in several ways. One (1) is to plot 
the perimeter length (ft.) verses the average daily flow 
(gpd) and determine if the percolation pond system will work 
properly at the ultimate disposal design capacity. Second 
( 2 ) , if any sharp increase in perimeter berm requirement is 
noted in this monthly evaluation, passable soil pore 
clogging is taking place and unclogging procedures must be 
implimented. Third (3), an investigation varying steady 
state depth to determine this effect on required perimeter 
berm and freeboard heigth can be accomplished. This will 
help the operator to predict if a larger amount of disposal 
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RECOMMENDATIONS AND CONCLUSIONS 
Two percolation pond sites in the Orlando, Florida, 
area were field investigated to determine infiltration 
rates. The calculated infiltration rates were similar to 
the design values. An expected value and a standard 
deviation was calculated by the developed stochastic 
computer based simulation program. The standard deviation 
was used for determining a safety factor and/or pond depths. 
Utilizing the confirmation site as an example, the expected 
value of effective perimeter berm length was calculated to 
be 368 feet. A standard deviation of 88.4 feet was 
calculated utilizing the daily perimeter values as its bases 
of calculations. 
J\ n e i g l1ty four p rccnt (84%) con f i. d c n c e i n tor v n I c ; 1 11 
be determined at an effective perimeter berm length of 456.4 
feet. This length is composed of adding the expected value 
plus the standard deviation. To determine this effect on 
pond depth and free board a simple calculation is 
accomplished. It consists of dividing the effluent flow 
(gpd) by the effective perimeter length of 456.4 feet and 
the program calculated infiltration rate of 0.772 ft./day. 




consisting of pond elevation and initial soil depth. lf Lhe 
initial soil depth of 5.75 feet is subtracted a pond depth 
of 1.8 feet is determined. In this design a normal 1.0 foot 
freeboard depth would be assumed, 
height would be 2.8 feet. 
therefore, the total berm 
Using two standard deviations which would create a 99% 
confidence interval. This resulting effective berm length 
thus a pond depth of 0.60 feet was would be 544.7 feet 
deLermlned. 'l'hls along with a l.U foot freeboaru would 
propose a 1.6 foot berm depth. 
In using the standard deviation and confidence 
intervals a designer can determine the depth of pond 
relative to an effective berm length. Thus, a berm depth 
and percolation pond area can be determined to fit any 
disposal area and have a built in safety factor. 
These computed results showed that the monte carlo 
simulation technique could be used to predict future 
effluent disposal sites consisting of percolation ponds 
along with evaluating the performance of a site under study. 
The approach used by this research and any future useage of 
the program are based on a few basic assumptions which were 
illustrated in the field investigation of this study. 





present and illustrated in the 
and developed groundwater mound 
parameters are independent of each 
66 
olhcr th c.1 L L r u rnndomness exists. Th f i e 1 ct 
i nfiltration parameter is based on a horizontal f ow 
disposal direction away from the application area. This is 
passable due to the initial confining layer which is present 
in central f lorida soils to have a smaller coefficient of 
permeabilities than the upper more permeable sandy soils. 
During this study a few future research topics became 
apparent. In this study only evaporation was observed and 
not evapotranspiration. A study on the effects of 
evapotranspiration on percolation pond effectiveness might 
be considered. Also, when percolation ponds are not 
properly rotated a clogging of the soils pores becomes 
a pparent. 
due to 
This study assumed this effect to be negligible 
the short time period both sites have been in 
operation. 
effects of 
A study could be accomplished on determining the 
solids clogging the pores in percolation ponds 
over a long time period of operation. 
This study and research illustrated the difficulty and 
variability in obtaining actual field data. The observed 
data confirmed several steady state assumptions which were 
relative to the initial geotechnical design equations. 






program based simulation program was 
on the initial study site and a 
This program illustrated its usefulness 
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in future design of percolation ponds in the central Florida 
area and passable operational capabilites. 
APPENDIX 
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CRY PERCOLATION POND (NON-LOADED) 




DAILY PRECIPITATION HISTOGRAM DATA 
JANUARY 1979-1983 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.250 18 56.25 0.0- 56 .3 0.0104 
0.251-0.500 6 75.25 56.4-75.3 0.0313 
0.501-0.750 3 84.25 75.4-84.3 0.0521 
0.751-1.000 0 ----- --------- -----
1.001-1.250 3 93.25 84.4-93.3 0.0938 
1.251-1.500 1 96.25 93.4-96.3 0.1146 
1.501 - 1.7.50 0 ----- --------- - - -- - -
1.751-2.000 0 ----- --------- ----- -
2.001-2.250 0 ----- --------- ------
2.251-2.500 0 ----- ---------· ------
2.501-2.750 0 ----- --------- ------
2.751-3.000 0 ----- --------- ------
3.001-3.250 0 ----- --------- ------
3.251-3.500 1 100.00 96.4-100. 0.2813 
FEBRUARY 1979-1983 
INTERVALS COUNT SUMMATION OF RANDOM VALU E 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.250 28 58.3 0.0-58.3 0.0104 
0.251-0.500 10 79.2 58.4-79.2 0.0313 
0.501-0.750 4 87.5 79.3-87.5 0.0521 
0.751-1.000 3 93.8 87.6-93.8 0.0729 
1.001-1.250 0 ---- ------
1.251-1.500 0 ---- ------
1.501-1.750 1 95.8 93.9-95.8 0.1396 
1.751-2.000 0 ---- ------











































SUMMATION OF RANDOM 
F(x) (%) NUMBER 
50.0 0.0-50.0 
60.5 50.1-60.5 





SUMMATION OF RANDOM 















































































L, • '}_ 1) L - 4 • I) u u 
SUMMATION OF RANDOM VALUE 
(ft) F(x) (%) NUMBER 
50.0 0.0-50.0 0.0104 
65.9 50.1-65.9 0.0313 
79.6 66.0-79.6 0.0521 
81.8 79.7-81.8 0.0729 
88.6 81.9-88.6 0.0938 
90.9 88.7-90.9 0.1146 
93.2 91.0-96.3 0.1396 
------
------
95.5 96.4-95.5 0.1979 
97.7 95.6-97.7 0.2188 
------
100.0 97.8-100. 0.2604 
SUMMATION OF RANDOM VALUE 
F(x) (%) NUMBER (ft) 
56.1 0.0-56.1 .0104 
69.7 56.1-69.7 .0313 
75.8 69.8-75.8 .0521 
81.8 75.9-81.8 .0729 
84.9 81.9-84.9 .0938 
89.4 85.0-89.4 .1146 
93.9 89.5-93.9 .1396 
--------- -----
95.5 94.0-95.5 . 1771 
97.0 95.6-97.0 .1979 
98.2 97.1-98.2 .2396 
--------- -----
IUU. <JH •. - I .OU 
• ~~ () 1, () 
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TABLE 7: CONTINUED. 
July 1979-1983 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in.) F(x) (%) NUMBER (ft) 
0.000-0.250 46 58.9 0.00-58.9 .0104 
0.251-0.500 7 68.0 59.0-68.0 .0313 
0.501-0.750 15 87.2 68.1-87.2 .0521 
0.751-1.000 1 88.5 87.3-88.5 .0729 
1.001-1.250 5 94.9 88.6-94.9 .0938 
1.251-1.500 0 ---- --------- .1146 
1.501-1.750 0 ---- --------- .1396 
1.751-2.000 0 ---- --------- -----
2.001-2.250 1 9 (>. 2 95.0-96.2 . 1771 
2.251-2.500 0 ---- --------- -----
2.501-2.750 1 97.4 96.3-97.4 .2188 
2.751-3.000 0 ---- --------- -----
3.001-3.250 0 ---- --------- -----
3.251-3.500 1 98.7 97.5-98.7 .2813 
3.501-3.750 1 100. 98.8-100.0 .3021 
August 1979-1983 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.250 45 59.2 0.00-59.2 .0104 
0.251-0.500 17 81.6 59.3-81.6 .0313 
0.501-0.750 4 86.8 81.7-86.8 .0521 
0.751-1.000 4 92.1 86.9-92.1 .0729 
1.001-1.250 4 97.4 92.2-97.4 .0938 
1.251-1.500 1 98.7 97.5-98.7 .1146 
1.501-1.750 0 ---- --------- -----
1.751-2.000 1 100. 98.8-100.0 .1563 
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TABLE 7: CONTINUED. 
September 1979-1983 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in.) F(x) (%) NUMBER (ft) 
0.000-0.250 31 47.7 0.00-47.7 .0104 
0.251-0.500 12 66.2 47.8-66.2 .0313 
0.501-0.750 7 76.9 66.3-76.9 .0521 
0.751-1.000 3 81.5 77.0-81.5 .0729 
1.001-1.250 5 89.2 81.6-89.2 .0938 
l. 2 Sl - 1.SOO 4 9 ') . 4 89.3-95.4 • 11 46 
1.501-1.750 1 96.9 95.5-96.9 .1354 
1.751-2.000 0 --------- -----
2.001-2.250 0 --------- -----
2.251-2.500 0 --------- -----
2.501-2.750 0 --------- -----
2.751-3.000 0 --------- -----
3.001-3.250 1 98.5 97.0-98.5 .2604 
3.251-3.500 0 --------- -----
3.501-3.750 1 100. 98.6-100.0 .3028 
October 1979-1983 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in.) F(x) (%) NUMBER (ft) 
0.000-0.250 24 77.4 0.00-77.4 .0104 
0.251-0.500 3 87.1 77.5-87.1 .0313 
0.501-0.750 1 90.3 87.2-90.3 .0521 
0.751-1.000 1 93.6 90.4-93.6 .0729 
1.001-1.250 1 96.8 93.7-96.8 .0938 
1.251-1.500 0 --------- -----
1.501-1.750 0 --------- -----
1.751-2.000 1 100. 96.9-100.0 .1563 
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TABLE 7: CONTINUED. 
November 1979-1983 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in.) F(x) (%) NUMBER (ft) 
0.000-0.250 22 64.7 0.00-64.7 .0104 
0.251-0.500 5 79.4 64.8-79.4 .0313 
0.501-0.750 1 82.4 79.5-82.4 .0521 
0.751-1.000 0 ---- --------- -----
1.001-1.250 3 91. 2 82.5-91.2 .0938 
1.251-1.500 1 94.1 91.3-94.1 .1146 
1.501-1.750 0 ---- --------- -----
1.751-2.000 1 97.1 94.2-97.1 .1563 
2.001-2.250 0 ---- --------- -----
2.251-2.500 1 100 .. 97.2-100.0 .1979 
De c em b e r 1 9 7 9 - 1 9·8 3 
INT ERVALS COUNT SUMMATION OF RANDOM VALUE 
( i n. ) F(x) (%) NUMBER ( f t) 
0.000-0.250 18 60.0 0.00-60.0 .0104 
0.251-0.500 6 80.0 60.1-80.0 .0313 
0.501-0.750 1 83.3 80.1-83.3 .0521 
0.751-1.000 3 93.3 83.4-93.3 .0729 
1.001-1.250 0 ---- --------- -----
1.251-1.500 1 96.7 93.4-96.7 .1146 
1.501-1.750 0 ---- --------- -----
1.751-2.000 0 ---- --------- -----
2.001-2.250 0 ---- --------- -----
2.251-2.500 0 ---- --------- -----
2.501-2.750 0 ---- --------- -----
2.751-3.000 1 100. 96.8-100.0 .2396 
78 
TABLE 8 
DAILY EVAPORATION HISTOGRAM DATA 
January 1982-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.100 46 50.5 0.00-50.5 .0042 
0.101-0.200 43 97.8 50.6-97.8 .0125 
0.201-0.300 2 100. 97.9-100.0 .0208 
February 1982-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.100 9 11 . 4 0.00-11.4 .0042 
0.101-0.200 55 81.0 11.5-81.0 . 0 J. 2 5 
0.201-0.300 13 97.5 81.1-97.5 .0208 
0.301-0.400 2 100. 97.6-100.0 .0292 
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TABLE 8: CONTINUED. 
March 1982-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.100 7 7.8 0.00-7.80 .0042 
0.101-0.200 41 53.3 7.90-53.3 .0125 
0.201-0.300 37 94.5 53.4-94.5 .0208 
0.301-0.400 5 100. 94.6-100.0 .0292 
April 1982-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.100 3 3.3 0.00-3.30 .0042 
0.101-0.200 14 18.9 3.40-18.9 .0125 
0.201-0.300 53 77.8 19.0-77.8 .0208 
0.301-0.400 20 100. 77.9-100.0 .0292 
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TABLE 8: CONTINUED. 
Ma y 1981 - 1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.100 1 0.8 0.00-0.80 .0042 
0.101-0.200 12 10.9 0.90-10.9 .0125 
0.201-0.300 44 47.9 11.0-47.9 .0208 
0.301-0.400 57 95.8 48.0-95.8 .0292 
0.401-0.500 5 100. 95.9-100.0 .0375 
June 1981-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in.) F(x) (%) NUMBER (ft) 
0.000-0.100 2 1. 7 5 0.00-1.70 .0042 
0.101-0.200 23 21.93 1.80-21.9 .0125 
0.201-0.300 47 63.16 22.0-63.2 .0208 
0.301-0.400 40 98.25 63.3-98.3 .0292 
0.401-0.500 2 100.0 98.4-100.0 .0375 
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TABLE 8: CONTINUED. 
July 1981-1985 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.100 2 1 . 61 0.00-1.60 .0042 
0.101-0.200 12 11. 28 1.70-11.3 .0125 
0.201-0.300 54 54.84 11.4-54.8 .0208 
0.301-0.400 45 91.13 54.9-91.1 .0292 
0.401-0.500 9 98.38 91.2-98.4 .0375 
0.501-0.600 1 99.19 98.5-99.2 .0458 
0.601-0.700 0 ----- --------- -----
0.701-0.800 0 ----- --------- -----
0.801-0.900 1 100.00 99.3-100.0 .0708 
August 1981-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.100 3 2.50 0.00-2.50 .0042 
0.101-0.200 22 20.8 2.60-20.8 .0125 
0.201-0.300 76 84.2 20.9-84.2 .0208 
0.301-0.400 15 96.7 84.3-96.7 .0292 
0.401-0.500 3 99.2 96.8-99.2 .0375 
0.501-0.600 1 100.0 99.3-100.0 .0458 
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TABLE 8: CONTINUED. 
September 1981-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in.) F(x) (%) NUMBER (ft) 
0.000-0.100 9 7.8 0.00-7.80 .0042 
0.101-0.200 32 35.6 7·. 90-35. 6 .0125 
0.201-0.300 59 87.0 35.7-87.0 .0208 
0.301-0.400 14 9 9. 1 87.1-99.1 .0292 
0.401-0.500 0 ----- --------- -----
0.501-0.600 1 100.0 99.2-100.0 .0458 
October 1981-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in. ) F(x) (%) NUMBER (ft) 
0.000-0.100 9 7.40 0.00-7.40 .0042 
0.101-0.200 58 55.4 7.50-55.4 .0125 
0.201-0.100 rs 1 97.5 55.5-97.5 .0 208 
U.JU1 - U.4UU J lUU 97.6-lUU.U .UL'. 92 
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TABLE 8: CONTINUED. 
Nov e mb e r 1981-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALU E 
(in. ) F(x) (%) NUMBER (f t ) 
0.000-0.100 28 23.5 0.00-23.5 .0042 
0.101-0.200 78 89.1 23.6-89.1 .0125 
0.201-0.300 12 9 9. 1 89.2-99.1 .0208 
0.301-0.400 1 100. 99.2-100.0 .0292 
December 1981-1984 
INTERVALS COUNT SUMMATION OF RANDOM VALUE 
(in.) F(x) (%) NUMBER (ft) 
0.000-0.100 57 44.2 0.00-44.2 .0042 
0.101-0.200 68 96.9 44.3-96.9 .0125 
0.201-0.300 4 100. 97.0-100.0 .0208 
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